Introduction Calcium looping could become a promising CO 2 capture technology for cement plants as they already have experience with solid handling, have in-place infrastructure for handling limestone and spent solids could potentially be utilized in the cement production process. Although research has shown that integrating the calcium looping process with existing clinker production is more efficient, post-combustion calcium looping can still be a valid retro-fitting option for existing cement plants (Atsonios et al., 2015) . Furthermore, coal is considered the fuel for the calcium looping process and previous research has indicated that emissions associated with coal production and transport dominate the life cycle impact of calcium looping (Hurst et al., 2012) . As such, the use of coal can have large repercussions for the environmental footprint of the cement plant, especially when the impacts are assessed over its life cycle. This study aims to investigate (i) what will be the impact of using different fuels on the technical configuration and performance of the capture system and (ii) whether, and if so by how much, using cleaner fuels (e.g. natural gas, biomass) might provide a low-hanging fruit to increase the environmental performance of calcium looping in cement plants.
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Methodology
This study considers a cement plant located in north-Western Europe producing around 1 million tonnes of clinker per year. The kiln system in the cement plant is fired by a fuel mix comprising coal (> 50%) and various types of (biogenic) waste. Calcium looping CO 2 capture is applied to capture 85% of the flue gas from the kiln system (CO 2 content of c.a. 18%) using limestone. A small share of the solid sorbents is purged after the calciner to keep the content of calcium sulphate and unburned limestone below critical levels. The heat required for the carbonator and calciner is provided by the different fuels included in this study, and the available heat from flue gas and CO 2 stream is used to produce electricity via a steam cycle. Oxygen demanded by the calcining process is provided via available air separation technology and the captured CO 2 is compressed to 110 bar, transported and stored in an offshore aquifer. Four different fuel types are considered to fire the calcium looping process, namely: coal, natural gas, biomass and a fuel mix including waste. An overview of the system boundaries and process flows for calcium looping is presented Figure 1 , in which the fuel production area will be adjusted to match the selected fuel in each case. The technical performance of the calcium looping system (including power generation and CO 2 compression) is assessed by process modelling using Aspen+ software. The environmental performance is assessed by conducting a life cycle assessment, which uses the mass and energy balance results of the technical assessment combined with data from literature for up and downstream processes.
Preliminary Results
Preliminary results comprise a comparison of the performance of calcium looping fired by coal versus natural gas. In both cases, the CO 2 emissions from clinker production are reduced by 85%, as 85% of the CO 2 of the kiln flue gas is captured together with the CO 2 formed from combusting the coal or natural gas in the calciner. The net CO 2 emission reduction even exceeds 85%, due to the share of biogenic CO 2 formed in the kiln 1 . Using natural gas as a fuel instead of coal reduces the limestone consumption by 42% and the oxygen demand by 9%, mostly because a lower share of solids needs to be purged every cycle due to low content of sulphur in natural gas. Gross electricity production is slightly reduced (from 57.8 MW for coal to 57.2 MW for natural gas) due to a decrease in the volume of CO 2 exhaust from the calciner. Net electricity production however is higher for the natural gas fired process (30.5 MW versus 26.0 MW), as a result of the decrease in electricity consumption (16%) of oxygen production.
Figure 2 presents preliminary life cycle assessment results for climate change potential (CCP) for clinker production without CO 2 capture (reference), clinker production with coal fired calcium looping and clinker production with natural gas fired calcium looping. CCP is reduced by 81% for coal fired and by 88% for gas fired calcium looping. Natural gas fired calcium looping significantly improves the CCP because the CO 2 emissions associated to the fuel production are much lower than in the coal case, as less fuel is required and upstream emissions associated to the production of natural gas are lower. Furthermore, when allocating emission benefits to the electricity production 2 , the potential CO 2 reductions from electricity production are higher for natural gas due to the increase in net electricity production. For natural gas fired calcium looping, the potential CO 2 avoided due to electricity production can even fully compensate the life cycle emissions from the process. However, this strongly depends on the assumed type of avoided electricity production. The preliminary results show already potential promising techno-environmental performance improvements when natural gas is considered to fire the calcium looping process instead of coal. The study currently in progress will furthermore:
-include a higher level of detail of the technical performance of calcium looping -perform a full life cycle assessment to complete all aspects of the environmental performance (e.g., toxicity, impacts to water) -expand the comparison by assessing more fuel types, including biomass and a fuel mix utilizing waste
